Objectives: Moxifloxacin is recommended in the empirical treatment of infections involving Gram-negative anaerobes. However, current European data regarding its activity against anaerobic pathogens are limited. In order to evaluate its potency, we comparatively studied the activity of moxifloxacin against recently isolated Gram-negative anaerobes.
Introduction
Although anaerobic bacteria play a significant role in polymicrobial infections, 1 not all hospital laboratories include the performance of anaerobic cultures in their routine protocols, and only selected centres perform susceptibility testing. In that respect, antimicrobial chemotherapy is mainly empirical and is based on data from multicentre studies. 1, 2 Nevertheless, resistance to all antimicrobial agents with activity against anaerobes has been reported, as well as great variations in different geographical areas, 1 thus demanding more frequent periodic resistance surveillance.
Intra-abdominal infections are commonly due to mixed aerobic and anaerobic bacteria requiring broad-spectrum antibiotic therapy. 2 Moxifloxacin is a relatively new methoxyquinolone with potent antimicrobial activity against both aerobic and anaerobic bacteria. 3 In that respect, it has been included in the guidelines for treatment of intra-abdominal infections. 2 However, a limited number of recent studies, mainly from the USA, indicate an increase in moxifloxacin resistant rates among Bacteroides and Prevotella spp. 4, 5 Comparable recent European data are scarce and only a single study reported a shift towards increased resistance. The present study was undertaken to determine the comparative in vitro activities of moxifloxacin against Bacteroides and Prevotella spp. clinical isolates, in order to verify its usefulness in the empirical treatment of multibacterial infections involving Gram-negative anaerobes.
Materials and methods
Gram-negative anaerobic clinical isolates belonging to Bacteroides or Prevotella genus were consecutively collected during 2006-07, from six general hospitals in Athens (five hospitals with adult patients and one with paediatric), with 3000 beds in total. All isolates were non-duplicate and derived from documented infections, for which patients received antimicrobial chemotherapy. The initial bacterial isolation and identification was performed in the individual laboratories. Subsequently, all isolates were collected from the Laboratory of Laikon University Hospital, where level III species identification was confirmed using the special potency disc method, grown in the presence of 20% bile (Bacteroides-Bile Esculin agar plates; Bioprepare, 16346, Gerakas, Greece), indole reaction (Bioprepare), and the biochemical profile using the ID32ANA system (bioMérieux, Marcy l'É toile, France). 7 MICs of penicillin, piperacillin/tazobactam, cefoxitin, imipenem, metronidazole, clindamycin and moxifloxacin were determined by the Etest method (AB Biodisk, Solna, Sweden), according to the manufacturer's instructions. Briefly, a suspension with a turbidity equivalent to that of a 1.0 McFarland standard in brucella broth was prepared from a 48 h culture plate and spread onto brucella agar plates supplemented with 5% (v/v) horse blood, vitamin K 1 (1 mg/L) and haemin (5 mg/L). Susceptibility testing plates were incubated at 378C for 48 h in a Bactron 1.5 Anaerobic Chamber (Cheldon Manufacturing, Cornelius, OR, USA). Susceptibilities were interpreted according to the CLSI guidelines. 8 For moxifloxacin, the recent CLSI breakpoints were used (susceptible, 2 mg/L; intermediate, 4 mg/L; resistant, 8 mg/L).
8 Bacteroides fragilis ATCC 25285 and Bacteroides thetaiotaomicron ATCC 29741 strains were used for quality control.
8 Throughout the study, anaerobiosis was ensured with methylene blue strips and resazurine.
Results
A total of 495 non-repetitive Gram-negative anaerobic bacteria, identified as Bacteroides or Prevotella spp., were isolated during the period of the study. Abdominal infections (55.3%) along with diabetic foot and other soft tissue infections (24.6%) were the most common sources of isolation; less frequent sources were respiratory tract infections (11.2%) and bacteraemias (8.9%). The dominant species was B. fragilis (n ¼ 165; 33.3%) and the majority of the isolates belonged to B. fragilis group (n ¼ 296, 59.8%), whereas 58 isolates (11.7%) were identified as non-fragilis Bacteroides spp. and 141 isolates (28.5%) were identified as Prevotella spp. MIC ranges, MIC 50 and MIC 90 values, and rates of resistant, intermediate and susceptible isolates for each antimicrobial agent among all Gram-negative bacteria, as well as B. fragilis group, Bacteroides spp. non-fragilis, Prevotella spp. and the most frequent species, are summarized in Table 1 .
Overall moxifloxacin MIC 50 and MIC 90 were 2 and 32 mg/L, respectively. Almost half of the total isolates (49%) were nonsusceptible to moxifloxacin (32% resistant; 17% intermediate). Regarding the remaining tested antimicrobials, 90% of the isolates were non-susceptible to penicillin (MIC, 1 mg/L), 34% to clindamycin (MIC, 4 mg/L), 26% to cefoxitin (MIC, 32 mg/L), 4% to metronidazole (MIC, 16 mg/L), 2% to piperacillin/tazobactam (MIC, 64 mg/L) and ,1% to imipenem (MIC, 8 mg/L).
Discussion
Our study showed that resistance to moxifloxacin is prevalent among Gram-negative anaerobic species, and the resistance rates described herein are even higher than those reported previously. 4, 5 Comparable recent data from Europe do not exist, apart from a Belgian study indicating a possible equivalent increase. 6 It should be noted that in two previous European studies for the period 1997 -2002, 1, 9 lower resistance rates to moxifloxacin were reported (16% to 19%, at a breakpoint of 8 mg/L), and only in certain Bacteroides species, an increasing trend was noted. 9 However, two recent studies from the USA, 10, 11 one of which also examined the activity of moxifloxacin against Bacteroides spp. strains isolated before its introduction in clinical practice, 10 have shown increasing resistance rates over time to moxifloxacin (overall 28% to 34.5%, at a breakpoint of 8 mg/L), as well as other newer quinolones. This kind of cross-resistance may be attributed to previous heavy clinical use of fluoroquinolones, resulting possibly in mutations at the same gene target and explaining the geographical variations of resistance. 6, 10 In comparison to other European countries, Greece has experienced higher quinolone consumption rates, 12 which may explain to a certain degree the findings of the present study. Given the fact, however, that phenotypic resistance to moxifloxacin is expected to emerge at a slower rate than in older fluoroquinolones, because it requires two mutations in gyrA gene, 10 other mechanisms, like multidrug efflux pumps, 13 might also be responsible. 
Continued
The variation in the resistance of various species reported herein seems to differ from other studies, where isolates identified as B. vulgatus, 1, 10, 11 Bacteroides ovatus 1,6,10 or B. distasonis 10 were among the most resistant species, indicating variations not only among species but also between different geographic regions, as has been suggested previously. 1, 10, 11 In addition, although previous studies have reported even higher moxifloxacin resistance among certain Bacteroides species (such as B. vulgatus), 1,11 our study indicated that this resistance seems to affect many species belonging not only to Bacteroides but also to Prevotella genus. A high intermediate rate (MIC ¼ 4 mg/L) was recorded in many species, an observation that needs continuous active surveillance.
Resistance rates to other antimicrobials with activity against anaerobes, such as penicillin, cefoxitin, piperacillin/tazobactam, clindamycin, and imipenem, reported here were similar to those from the last Greek study 14 and comparable to previously reported multicentre European data. 1 In addition, metronidazole resistance , P. buccae (12), P. disiens (12), P. loescheii (11), P. buccalis (10), P. indermedia (10), P. denticola (9), P. melaninogenica (9), P. ruminicola (4).
rates were equally low (overall 3% resistant and 1% intermediate), although a shift towards isolation of metronidazole-resistant Bacteroides spp. was detected. In the previous Greek study, 14 metronidazole resistance was 3% and was almost exclusively detected among isolates identified as Prevotella spp., whereas in the present study, as many as 44% of the metronidazole-resistant isolates were Bacteroides spp. A total of 19 isolates were metronidazole non-susceptible (14 isolates resistant, MIC 32 mg/L; 5 isolates intermediate, MIC ¼ 16 mg/L), of which only 4 (21%) were additionally moxifloxacin resistant (MIC 8 mg/L). In that respect, moxifloxacin, although exhibiting high resistance rates, seems to be effective against isolates conferring resistance to metronidazole, thus making its combination with metronidazole still an acceptable solution for the anaerobic pathogens of intra-abdominal infections, according to guidelines. 3 In conclusion, this multicentre study in Greece showed that moxifloxacin exhibited high intermediate and fully resistant rates against Bacteroides and Prevotella species, the highest reported so far in Europe, thus making full species identification of all anaerobes isolated from clinical specimens mandatory, as well as performance of susceptibility testing, in order to justify its administration as monotherapy. For empirical usage, moxifloxacin should be combined with metronidazole in order to cover for these pathogens.
